Tokuyama Soda has developed a new process for direct hydration of propylene to isopropanol in liquid phase. This process employs a highly active and selective catalyst system which essentially comprises an aqueous solution of polytungsten compounds within a selective pH range.
The reaction is exothermic, and the heat of reaction calculated from available thermochemical data1) is about 12kcal/mol over a range of 400
The equilibrium constants by direct measurements2),3) for hydrating propylene are reported as follows: 1og10Kp=(1950/T)-6.06(vapour phase) 1og10Kc=(2045/T)-5.08(liquid phase) For the hydration with liquid and vapour phases simultaneously present, the equilibrium compositions of both phases can be estimated4) by thermochemical data, together with vapourliquid equilibrium data.
Although the formation of isopropanol is favored by low temperatures and high pressures, optimum combination of reaction conditions is selected in consideration of both rate limitation and equilibrium limitation.
The major by-products in the direct hydration of propylene are di-isopropyl ether, n-propanol Consequently, the use of a propylene concentration of 99% or more is required for the feed. Moreover, the disadvantages inherant to supported mineral acid catalysts are decrease in hydration activity and the incidence of corrosion13) on the metal surfaces in contact with the product owing to migration and depletion of the acid. In order to avoid these difficulties, it is necessary to regenerate the catalyst and to neutralize the product.
The disadvantages of the low conversion and concomitant recycle problems in vapour-phase processes are overcome by the direct hydration in the presence of liquid water, since the propy lene conversion to isopropanol is markedly raised by the increase in solubility of the product isopropanol in the excess liquid water.
The direct hydration with a solid catalyst under a high pressure at a high mole ratio of water to propylene can be preferably employed to obtain high per pass conversions of propylene. Tokuyama Soda studied systematically the catalytic activities and stabilities of aqueous solutions of various acid compounds in the direct hydration of olefins, and finally developed an excellent catalyst system of a stable aqueous solution under high temperature and pressure. It was found from the study that the rate of hydration was markedly increased by the presence of some kinds of polyatomic anions as shown in Table 1 .
The activation energy of the propylene hydration with the catalyst solution of polyatomic anions is about 24kcal/mol which is 6kcal/mol higher than that in the case of the catalyst solution of sulfate anions. liquid is sent to the azeotropic column, from where azeotropic mixture of isopropanol and water is drawn off and sent to further distillation steps for purification and dehydration. The aqueous solution containing catalyst from the bottom of the azeotrope column joins with fresh water and is recycled to the reactor. The azeotrope alcohol is freed of the light impurities in the first rectifying column and then dehydrated in two further columns with benzene as the dehydrating agent. To obtain a high grade isopropanol (99.99% purity), another additional distillation step is necessary. Under the optimum reaction conditions, the range of propylene conversion per pass is about 99%. The major by-product is di-isopropyl ether.
In Tokuyama Process, both the spent gas from the reactor and all the by-products drawn off at the purification section are completely utilized as fuel for heating in the system.
Features
of Process Tokuyama Process has a number of advantages based on its own catalyst system and process design. The features of the process confirmed in commercial operation are as follows:
(1) The catalyst system comprises a homogeneous dilute aqueous solution which maintains high activity and excellent selectivity for hydrating propylene to isopropanol. (2) The catalyst solution is so highly stabilized that it is circulated repeatedly in the reaction system without any additional treatments. Catalyst life is, therefore, very long.
(3) Since the reaction is carried out in aqueous solution under high pressure, the formation of isopropanol is markadly favoured by equilibrium effect.
(4) The amount of unconverted propylene to be recycled is small owing to high conversion rate of propylene, and consequently this process does not require highly concentrated propylene feed. Commercial propylene of about 95% concentration is normally used.
(5) The amount of by-products is remarkably small because the reaction takes place in an aqueous solution of highly selective catalyst . Organic acids and aldehydes are hardly detectable in the reaction product . A high grade isopropanol is easily obtained at the purification section.
(6) Since the reaction is carried out in aqueous solution, the heat loss incidental to evaporation and condensation of water can be avoided. (7) Because of absence of corrosion in the system, easy operation and maintenance of equipments are possible.
(8) The process is simple. It is also a completely closed system free from waste substances, and consequently the process can clear all the environmental protective regulations.
Quality of Product
Trypical data of the product isopropanol obtained in Tokuyama Process are given in Table 2 .
Economics
The economics of Tokuyama Process are shown in Table 3 . They include the entire processing of propylene to 99.99% isopropanol.
Other Applications
Tokuyama Process is also applicable to the economical production of ethanol and butanols.
Conclusion
Besides the low value for propylene consumption, simpleness of process and freedom from enviromental pollution problems by nature of the process itself make Tokuyama Process by far more economical than the conventional process for the manufacture of isopropanol.
In the recent trend of the process for isopro- Table 2 Typical Properties of Product 
